A previous physiographical river typology was carried out in south-central Spain by applying System B of the Water Framework Directive (2000/60/CE). The classification distinguished four main river ecotypes: calcareous headwaters, siliceous rivers, plain rivers and large rivers. Physico-chemical water quality was assessed during period 2001-2003 to determinate natural hydrochemical composition and the relationship between land uses and pollutants, mainly nutrients. The river ecotypes corresponded to distinct hydrochemical types. Relatively unpolluted sites between river ecotypes showed no differences in turbidity, DQO, TOC, dissolved oxygen, nitrate, nitrite and phosphate. However, differences in EC, TSS and ammonium concentration between ecotypes were recorded. Correlation and regression analyses showed a strong relationship among land uses and nutrient concentration. Additionally, nitrate concentrations increased significantly when a higher percentage of land was dedicated to agriculture and less to forest. Adequate fertilizer management to avoid high surpluses, and therefore increase depuration efficiency by sewage treatment plant are absolutely necessary measures to reach the environmental objectives set by the Water Framework Directive.
Introduction
Freshwater ecosystems are greatly influenced by the characteristics of catchment area, as geology, geomorphology and climate. Although, human activities carried out in river catchments can be the most important modifier of the natural chemical composition of freshwater [1, 2] . Agricultural activities, urban sewage and industrial waste have been identified as the most important sources of pollution in Mediterranean countries [3] [4] [5] [6] [7] [8] .
Agricultural activities potentially result in multiple impacts to nearby streams: e.g. alteration or loss of riparian vegetation and changes to water chemistry through chemical application to crop. These impacts are considered the main issues for almost every water category regarding pollution in Europe. But, in a great majority of the European countries, nutrient loading by agricultural runoff is the main problem in achieving the environmental objective of Water Framework Directive (2000/60/CE). It is well known that drainage from agricultural land produces large amounts of nitrate and phosphate Hynes [1] . Identification and quantification of those impacts are necessary for an adequate management of land and water resources in river catchments Petts and Calow [9] .
The Region of Castilla-La Mancha is dominated by intensive agriculture (>50% of the total area) and nitrogen, phosphorus, and potassium-based fertilizers are generously applied to vineyards, cereals and corn crops during the last few decades Domínguez [10] . Until now, in the region, the chemical quality of streams that reflected high concentrations of nutrients has been assessed Moreno et al. [11] . Also, stream water quality has been monitored with elaborate biological indicators based on macrophytes communities Moreno et al. [12, 13] to assess the trophic status. Many studies have established the relationship between land use and pollutants in rivers [14] [15] [16] [17] . This relationship is important for integrated, sustainable management and protection of Castilla-La Mancha freshwater resources, particularly in terms of new ecological targets for water quality management under the new directive (WFD).
The aims of this research are: (1) to describe the natural hydrochemical composition for four river ecotypes and (2) to determinate the relationship between land use and pollutants.
Methodology

Study area
This study was carried out in headwaters and middle reaches of five main Spanish river basins located in south-central Spain corresponding to the limits of the administrative region of Castilla-La Mancha, fig. 1 . Climatic conditions correspond to Mediterranean regime, with marked continental conditions. Castilla-La Mancha (CLM) is a region with an extensive area (79.463 km 2 , 15.7% of Spain) and very low population density (22.8 inhabitants km -2 ) respect to the national averages (71 inhabitants km -2 ). Agriculture constitutes the 53% of land use in Castilla-La Mancha, whereas in Spain it occupies only 37% of the national surface. As for lithology, we can distinguish the western zone dominated by quartzite, slate and granite (siliceous rocks), and the eastern areas formed by limestone, dolomite, sandstone and conglomerates (calcareous rocks). Sedimentary fills are located in the central area ("La Mancha" Plateau) and the main river valleys which are filled of Tertiary detritic sediments, marls, and gypsum.
An abiotic stream classification based on the most statistically significant non-human influenced environmental characteristics was used to subdivide the region into relatively homogeneous environmental zones Moreno et al. [11] . Thus, four river ecotypes were established: Calcareous Headwaters (CALH), Siliceous Rivers (SILRIV), Plain Rivers (PLRIV) and Large Rivers (LARIV). CALH and SILRIV include mainly headwaters whereas PLRIV and LARIV include middle and low reaches. , K + , Na + ) were obtained using standard procedures in the laboratory APHA [18] .
Physico-chemical and land use
Land use data were obtained by means of Geographical Information System (GIS) software (ESRI ® ArcMap ™ 8.2). Land uses were summarized into three categories from Corine Land Cover 1:100.000 (CLC 1990 ): agriculture, urban and forest.
Statistical analyses
The SPSS ver.11.5 (SPSS Inc., 2002) statistical software was used for statistical descriptors, analysis of variance and correlations. Non-parametric statistical procedures were applied when normality of residuals and homogeneity of variances did not match with parametric criteria. Simple regression was carried out using Statgraphics Plus v5.1. and data were transformed using log 10 and percentage data with √arcsine to achieve normality assumptions and homocedasticity. Scatter Plots show transformed data.
Results
Physico-chemical water quality
In this case, relatively unpolluted streams were selected to determinate the water quality in natural conditions within the five river ecotypes. Selected criteria for unpolluted rivers corresponded to those established thresholds for Mediterranean Spanish rivers, N-NH 4 + < 0.5 mg l -1 and P-PO 4 -3 < 0.05 mg l -1 Bonada et al. [19] . Then, the river ecotypes showed distinct rock type were investigated the natural hydrochemical characteristics by comparing their ion composition and ion concentration. Calcareous rocks were dominant in CALH, siliceous rocks in SILRIV and detritic rocks in sedimentary valleys (PLRIV and LARIV). Major ions defined two main ion water types: calcium-bicarbonate and calciumsulphate, fig. 2 . CALH and SILRIV ecotypes include mainly headwaters and they were calcium-bicarbonate. Calcareous rivers showed higher significant concentration of major ions (bicarbonate, sulphate, calcium and magnesium) than siliceous rivers, showing the lower dissolution rates. LARIV and PLRIV were calcium-sulphate type, they showed a high similarity in ion composition but a high significant difference in sulphate concentration with respect to the other two ecotypes (H 3,41 = 24.33, p<0.001). Large and plain rivers were located mainly on sedimentary detritic rocks and therefore they shared many physicochemical features.
Mean values of pollutants for river ecotypes corresponding to relatively unpolluted streams, are shown in table 1. The analysis of variance between ecotypes only showed significant differences in electric conductivity, total suspended solids and ammonium concentration. The ecotype CALH presented a high nitrate concentration in natural conditions. The ecotype SILRIV showed the lowest electric conductivity and the highest large rivers (LARIV). The result of Tukey test did not fond differences in conductivity values between CALH and PLRIV, whereas significant differences in conductivity were found between SILRIV and LARIV, table 1. The concentration of ammonium in calcareous and siliceous rivers was lower than plain and large rivers showing differences between upland and lowland rivers. The LARIV ecotype presented the highest value of total suspend solid. Significant differences were observed between headwater and middle reaches (CALH and SILRIV) but there were no differences in suspend solid with plain rivers (PLRIV). Large Rivers and Plain Rivers could be considered the same water condition respect to pollutant indicators because no differences were found between pollutant parameters. 
Land use and pollutants
All sites, polluted and unpolluted, were taken into account to investigate the relationships between land uses and pollution. The correlation analysis (Spearman) indicated that land uses were associated with certain pollutants, parameter units n Mean ± SD n Mean ± SD n Mean ± SD n Mean ± SD Nitrate With respect to other pollution indicators, the correlation and significant were lower than nutrient concentrations, in table 2. Agricultural and urban land use were significantly correlated with TOC in all river ecotypes except calcareous headwaters. On the other hand, the percentage of urban area showed a correlation with COD, TSS and turbidity in the ecotype CALH. Total suspend solid and turbidity presented a negative correlation with forest area only in plain rivers (PLRIV). In the case of Castilla-La Mancha, the increase of agricultural and urban land use presented significant correlation with TOC and turbidity. Scatter plots for the concentration of nitrate versus the increase of agricultural and forest percentages. It indicates the regression line, the 95% confidence interval and the 95% prediction interval. Finally, the regression analyses recorded a strong trend in the percentage of land use type and nutrients levels, in table 3. Concentrations of nitrogen compounds were higher correlated to the increase of land dedicated to agriculture. These results fit in with Spearman correlation for the Region of Castilla-La Mancha, as shown in table 2. For urban use, however, there were significant correlations with phosphate and ammonium levels. A negative significant correlation was obtained between forested area and all nutrients, mainly nitrate concentrations. Figure 3 plots the highest significant correlation values that corresponded to the percentage of agricultural and forested area against nitrate concentrations. Scatter Plots revealed a linear relationship with a positive significant correlation when the percentage of agriculture increases and negative relation with decreasing forested area.
Discussion
The water quality of streams can be expected to differ between ecoregions in terms of major ions, nutrients, organic matter and silt loading because it is a product of atmospheric inputs, climatic conditions, land use practices, an specially catchment bedrock [20, 21] . However, Harding et al. [22] found little correspondence between stream water chemistry and ecoregions in South Island, New Zealand. In this study, the river ecotypes corresponded to distinct major ion composition and major ion concentration. The calcium-bicarbonate type dominated siliceous and calcareous headwaters (SILRIV and CALH) whereas calcium-sulphate type dominated downstream (PLRIV and LARIV), probably due to the contribution of sulphates by the weathering of sedimentary rocks (Allan [2] ). However, Sala [7] concluded that the high sulphates values were a consequence of agriculture as well as industrial and domestic inputs.
The relationships between land use and nutrient concentration in this study produced important conclusions. Urban land use increased phosphorus and nitrogen levels in rivers, agricultural use mainly increased nitrogen compounds, and forested land showed negative correlations with nitrate and phosphate. This negative correlation supports the opinion that forest catchments periodically retain larger amounts of nutrients [23, 24] . In siliceous rivers, agriculture originated ammonium and phosphate pollution due to high densities of livestock (>2500 heads x 1000). At calcareous headwaters (CALH) the highest correlation with nitrate was recorded (r = 0.632, p<0.001). In this river ecotypes forested land dominates, agricultural land use of territory is bellow 50%, and population is low. Therefore, the absence of large urban areas in calcareous headwaters leads one to attribute the high nitrate values to agricultural activities Bellos et al. [6] . In the case of small upland catchment in Indonesia, it appears to have a larger impact due to diffuse pollution associated with land use than the point source impact Walsh et al. [25] . Plain and large rivers were located in sedimentary valleys and plateaus with the largest catchment areas and the highest percentage of catchment dedicated to agricultural and urban use, therefore indicating that human impact is greatest in these river ecotypes (PLRIV and LARIV). Ammonium was correlated to urban land use only in plain and large rivers, thus indicating high population densities. Agricultural use was also correlated to nitrite and nitrate in both river ecotypes receiving high nutrient loading by agricultural run-off, industry and domestic sewages. However, phosphate was correlated to agriculture only in the case of large rivers (LARIV) and siliceous rivers (SILRIV), both river ecotypes showing high livestock densities and high agricultural development.
Study results highlight the close association between land use types and nutrient levels in rivers. As, in other study where anthropogenic land uses primarily defined nutrient baseflow chemistry patterns at regional and watershed levels Dow et al. [17] . Nitrate has shown a strong relationship with land use types because nitrogen compounds are easily oxidised to nitrate and contribute to nitrate leakage into rivers. The increase of nitrate concentrations was better explained by the increase in agricultural percentage (R 2 = 0.384) and the decrease in forests (R 2 = 0.367), fig. 3 . These results reflect that the nitrogen fertilization of cropland produce surpluses which are then emitted to water channels. Extensive areas in Castilla-La Mancha have been affected by groundwater pollution caused by nitrates Berzas et al. [26] , which also influence nitrate levels in rivers. The European Environment Agency (EEA) found a close relationship between nitrogen load and the surplus of nitrogen applied to agriculture for large European river catchment EEA [27] . On the other hand, the forested area buffers the levels of nutrients providing an effective reduction of nitrate load. The surface runoff of nutrients movement to streams can be reduced by riparian forest Schultz et al. [24] . According to EEA [27] , discharge of phosphorus from point sources in Europe has decreased significantly during the past 30 years, mainly due to improved purification of urban wastewater. In this study, phosphate was strong related to urban land use, showing the need of tertiary treatment in the sewage treatment plants to reduce the load of nutrient discharge into rivers.
Conclusions
Since 1993, crop lands increased 5% but production has doubled in Castilla-LA Mancha, which means an important increase in nutrient fertilization (Regional Agriculture Database). The use and abuse of nitrogen and phosphorus fertilizers have caused high nutrient loads to flow into Central Spanish rivers, with additional serious pollution produced by urban sewage. Adequate management of fertilizers to avoid high surpluses and therefore increase depuration efficiency by sewage treatment plants are absolutely necessary measures to reach the environmental objectives set by the Water Framework Directive. Our results are of relevance for integrated, sustainable management and protection of CastillaLa Mancha freshwater resources and ecosystems.
